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Abstract 
Oncology hyperthermia refers to an artificial elevation of temperature in biological tissue to remove tumor cells. This 
temperature increase is reached by applying ultrasound or electromagnetic waves. Working with biological tissues implies a high
effort; furthermore, biological material changes its properties with time. Also, it is necessary a knowledge of the handling of
biological material and a specialized infrastructure. For these reasons, for some years our research laboratory has dedicated part
of its researches to develop mimicking materials to emulate muscle and other tissue ultrasonic properties. A blood phantom was 
developed in our laboratory for its use in the transit time flow measurement (blood flow). The properties of interest for the 
muscle and for the blood phantoms are ultrasonic attenuation and ultrasound velocity. This work refers to the phantom 
preparation and their ultrasonic properties measurement. These phantoms emulate the mentioned ultrasonic characteristics. In the
case of muscle, there are two types of phantoms: solid phantom with graphite and phantom with scatterers. The procedure of 
preparation of the phantoms is described. They have a different composition to that published for Doppler blood phantoms. Some 
ultrasonic properties of muscle and of blood have been already published and they are referred to one temperature. An originality 
of the results reported in this paper is that the behavior of the ultrasonic properties is presented at different temperatures: ranging 
from 22°C to 470°C. This range includes the temperatures used in our experimental work in hyperthermia treatment. 
PACS: 43.80.Cs; 43.80.Ev 
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1. Introduction 
Any new diagnostic or therapeutic technique needs an evaluation stage in terms of their potential, limitations, and 
patient safety prior to employ it into clinical practice. In this context, tissue-equivalent phantoms could play an 
important role in evaluating new diagnostic techniques [1]. 
A phantom is a mixture of different materials, with ultrasonic characteristics like human tissue, in order to get the 
required characteristics for a specific application, in this case ultrasound used for radiating different tissues of the 
human body [2]. A tissue-equivalent phantom is important for quality control of ultrasound diagnostic equipment. It 
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is necessary that synthetic materials used in phantoms are manufactured in controlled way to be approximately 
equivalent, acoustically, to human tissues [3]. 
A variety of phantoms have been developed for specific requirements in the experimentation and research of 
different ultrasonic applications on the biomedical area. Phantoms have been developed to mimic the speed of 
sound, the attenuation, the density and the scattering of certain tissue types [4]. 
There are different materials to make mimic soft tissue, as well as to control different ultrasonic parameters 
(attenuation, speed of sound, dispersion). One of the most used material, due to its manageability and its acceptable 
capacity to mimic speed of sound in soft tissue (ranging from 1,540 m/s to 1,640 m/s for the eyes' lens [5]), is a 
mixture based on a polysaccharide gel (agar), distilled water, glycerol and graphite. The glycerol concentration 
determines the speed of sound in the medium and the graphite concentration determines the attenuation. The 
polysaccharide gel (agar) is ideal for applications where high ranges of temperature are achieved because its melting 
point is near to 78°C, furthermore, it does not carry significant risks of bacterial proliferation due to the nonexistence 
of nitrogen in the pure polysaccharide gel [5]. 
2. Methodology 
2.1. Phantoms elaboration process 
A blood phantom and two types of phantom for soft tissue: solid phantom and phantom with scatterers, were 
developed. The properties of interest for muscle and for blood phantoms are the ultrasonic attenuation and the 
ultrasound velocity. 
2.1.1. Blood phantom 
A blood phantom was developed for its use in transit time of blood flow measurement. The materials and the 
concentration for 1,000 g of blood phantom were [6]: 
- 9 g of surfactant 
- 100.6 g of glycerol 
- 33.6 g of dextran 
- 856.8 g of desionized tridistillate water 
The protocol for blood phantom was performed as follow: 
a)  Measure the quantity of the materials required for the phantom. 
b) Mix 9 g of surfactant previously triturated, 100.6 g of glycerol and 400 g of water until the solution is 
homogenous. 
c)  Add dextran and the rest of the water and mix for 1 hour. 
2.1.2. Soft Tissue Solid Phantom 
The materials and the concentration for soft tissue phantom were: 
- 2.5% of agar 
- 5% of glycerol 
- 92.5% of desionized tridistillate water 
- 100 g/l of graphite 
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The calculation of the quantities for each compound was carried out using the following protocol recommend in
[5]:
% water +% glycerol +% agar = 100 (1)
Determination of water mass. The water percentage is given by % water + %glycerol = 97.5%. This means that
the water percentage is 92.5%. Therefore, for a mass of 40 ml representing 92.5% and taking the water density equal
to 1g/ml; then mwater = 40 g = 92.5%. 
Determination of agar mass. Once the water mass and its percentage value was determined, the agar mass is
obtained, using the following relationship:
water
magarm wateragar
%
*% , (2)
in this case magar = (2.5 * 40 g)/92.5 = 1.08 g. 
Determination of glycerol mass. To determine the glycerol mass, the relationship of the percentages and masses
of water and glycerol are used: 
92.5% of water – 40 g 
5% of glycerol –  x
x= (40 g * 5%) / 92.5% =2.16 g
Taking the glycerol density equal to 1.21 g/ml, the volume of glycerol is 2.16 g/1.21 g/ml = 1.79 ml
Determination of graphite mass. The total volume of the phantom is 40 ml of water + 1.79 ml of glycerol getting
in total 41.79 ml. If we use 100 g/l, we get:
1000 ml   – 100 g
41.79 ml  –  x 
x= (41.79 ml * 100 g) / 1000 ml =4.179 g
The protocol for soft tissue phantom was performed as follow:
- Measure the quantity of the materials required for the phantom.
- Mix the graphite in 10 ml of water.
- Heat the rest of the water and add the agar.
- Then, add the glycerol and the graphite mixture.
- Mix until getting a homogeneous solution.
2.1.3. Soft Tissue Phantom with scatterers
The materials and the concentration for soft tissue phantom were: 
3% of agar
5% of Glycerol
92% of desionized tridistillate water
The calculation of the quantities for each compound was the same as in § 2.1.2.
Determination of water mass. The water percentage is given by % water + %glycerol = 97%. This means that the 
water percentage is 92.5%. Therefore, for a mass of 150 ml representing 92% and taking the water density 1g/ml,
mwater = 150 g = 92%.
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Determination of agar mass. Once the water mass and its percentage value has been determined, the agar mass is
obtained, using equation (2):
magar = (3% * 150 g)/92 = 4.89 g. 
Determination of glycerol mass. To determine the glycerol mass:
92% of water – 150 g
5% of glycerol –  x
x= (150 g · 5%) / 92% =8.15 g 
The protocol for blood phantom was described as follow:
- Measure the quantity of the materials necessary for the phantom.
- Heat the water and add agar.
- Then, add the glycerol and mix until getting a homogeneous solution.
Take care of placing uniformly the regular structure of scatterers, inside the phantom volume. Nylon threads were
chosen like a good scatterers simulator because they are durable, resistant; this is a elastic and not oxidable material,
which allows to tighten the threads to avoid deformities. Threads were placed forming a matrix of 7 x 7 parallel
units, and were separated by a regular distance of 5 mm among them into an acrylic recipient in which the prepared
mixture was spilled [7].
2.2. Measurement
A homemade pulser [9] [10] was developed for driving a 3.5 MHz ultrasonic transducer (Mod. 12C-0204-S,
Harisonic, USA), with a high voltage short-duration pulse (spike). The echo signals were received by the same
transducer and were amplified (gain of 40 dB) by a home-made amplifier. These signals were digitalized by a digital
oscilloscope (Wave Runner 6000A, LeCroy, USA) using a sampling frequency of 1 GS/s, Figure 1.
The echo-signals were acquired while the phantom was being heated in a temperature range from 22°C to 47°C,
in successive increments of 2°C. The phantom was placed in degassed water and its temperature was controlled by a
thermostatic bath (CD10-P5, Haake, Germany). To guarantee a precise temperature measurement inside phantom,
the temperature was monitored with a thermocouple thermometer inserted inside the phantom.
Fig.1  Experimental setup. Fig.2 Configuration of the experiment for a) speed of sound 
measurement, and b) attenuation measurement.
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2.2.1. Speed of sound 
The transducer was immersed in a thermostatic bath with the phantom placed in front of it, fixing the distance 
between the face of the transducer and the phantom by using a firm support for holding the transducer during 
experiments. Two metal reflectors, Fig. 2a, were placed inside the phantom (for blood and soft tissue solid phantom) 
with a distance of 5.5 mm between them. These reflectors allow finding the time difference between the echoes of 
interest. For the phantom with scatterers, we use the echoes produced by a scattering structure to measure the speed 
of sound. 
2.2.2. Attenuation 
The transducer was compress against the phantom, both immersed in the thermostatic bath. Inside the phantom 
there was a metal reflector which was moved, with a micrometer, placed at 5 mm inside the phantom; the idea 
behind this was to determine the attenuation caused by the medium, Fig. 2b. 
2.2.3. Speed of sound and Attenuation Estimation 
The signals were processed with MATLAB® (The MathWorks, Inc.). 
The protocol to measure the speed of sound of the phantoms was the following: 
a) The time of flight between the first and the final echo of the phantom has to be determined for every 
temperature from 22°C to 47°C in successive increments of 2°C. 
b) The distance between the reflectors is already known. 
c) The speed inside the phantom can be calculated with Equation (3) 
Propagation Speed = 2*distance between reflectors (3) 
 Time of flight 
The protocol to estimate the speed of sound of the phantoms was the following: 
a) The Vrms value was measured for the first echo caused by the reflector placed in the first position and then the 
Vrms value was measured for the second echo caused by the reflector when it is displaced. 
b) The distance that the metal reflector was displaced was known, and also the frequency of the transducer. 
c) The attenuation was calculated using the Equation (4) 
Į = {20log(Vrms2/Vrms1)}/2*distance*f (4) 
The signals that we get to estimate the speed of sound and the attenuation for blood phantom at 35°C are shown in 
Figures 3 and 4. 
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Fig.3  Echoes for the estimation of speed of sound for blood
phantom at 35°C.
Fig.4 Echoes for the estimation of attenuation for blood phantom
at 35°C.
3. Results
3.1. Blood Phantom
The speed of sound and the attenuation was measured using the protocol described above, in the temperature
range from 21°C to 47°C, in successive increments of 2°C for blood phantom, using a 3.5 MHz transducer. The
relation between temperature and the speed of sound is shown in Fig. 5 and the relation between attenuation and
temperature is shown in Fig. 6. The propagation speed has a linear behavior from 1537 m/s to 1575 m/s and the
attenuation is almost constant at 0.2 dB/(cm MHz).
Fig.5  Propagation speed of blood phantom in the temperature
range from 22°C to 47°C.
Fig.6 Attenuation of blood phantom in a temperature range
from 22°C to 47°C.
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3.2. Soft Tissue Solid Phantom
The propagation speeds and the attenuation at temperatures from 22°C to 47°C are shown in Figures 7 and 8, for
soft tissue solid phantom, using a 3.5 MHz transducer. The propagation speed has a linear behavior from 1519 m/s
to 1560 m/s and the attenuation varies from 0.31 dB/(cm MHz) to 0.68 dB/(cm MHz).
Fig.7  Propagation speed of soft tissue phantom in a temperature
range from 22°C to 47°C.
Fig.8  Attenuation of Soft Tissue Phantom in a temperature range
from 22°C to 47°C.
3.3. Soft Tissue Phantom with scatterers
In Figures 9 and 10, the propagation speeds and the attenuation vs. temperatures from 22°C to 47°C are shown
respectively, for soft tissue solid phantom with scatterers, using a 3.5 MHz transducer. The propagation speed has an
almost linear behavior from 1601 m/s to 1645m/s and the attenuation has a variation from 0.48 dB/cm MHz to 0.62
dB/(cm MHz). 
Fig.9  Propagation speed of soft tissue phantom with scatterers in 
a temperature range from 22°C to 47°C.
Fig.10  Attenuation of soft tissue phantom with scatterers in a 
temperature range from 22°C to 47°C.
3.4. Discussion
The ultrasound characteristics reported for human fresh blood [10] are very close to those reported in this paper.
The reported speed of sound by using the time of flight method at 37°C , with a range of frequency from1 to 15
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MHz, is 1562 m/s and for attenuation, at the same temperature with a frequency of 3.5 MHz, is 0.6 dB/cm. We 
obtained a speed of sound of 1565 m/s and an attenuation of 0.23 dB/(cm MHz) at 37°C. 
The soft tissue has an average speed of sound reported in [10] and [11] at 25°C of 1540 m/s while for other soft 
tissue typical values range from 1570 m/s for liver to 1600 m/s along the direction of fiber in muscle. In general, the 
ultrasonic attenuation of soft tissue seems to be in the range of 0.2 to 2 dB/(cm MHz) [12]. We get, at the same 
temperature, a propagation speed for the graphite phantom of 1530 m/s and from phantom with scatterers a speed of 
1604 m/s and an attenuation of 0.28 dB/(cm MHz) for the first phantom and for the second one 0.57 dB/(cm MHz). 
4. Conclusion 
A blood phantom and two types of soft tissue phantoms were developed to simulate ultrasonic characteristics. 
The properties that we measured were speed of sound and attenuation at different temperatures in the range from 
22°C to 47°C which includes the temperatures used in our experimental works in hyperthermia. 
Our results were close to the data reported at only one temperature; we observed that the speed of sound increase 
proportionally with temperature and the attenuation remain almost constant throughout the changes of temperature. 
In order to create an artificial structure of human body, we will develop a multi-layer phantom with similar 
ultrasound characteristics at the same range of temperature. 
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